The purpose of the pilot study was to examine the psychological and physical symptoms reported by video display terminal (VDT) and non-VDT users in relation to intensity and duration ofVDT exposure, ergonomic characteristics of the work station, workers' perceptions of the working environments, medical conditions, job satisfaction, and mood states. Thirty VDT users and 16 non VDT users were selected from four departments of a major radiopharmaceutical company for participation in the cross-sectional study. Self-administered questionnaires were utilized to obtain information on symptoms, medical conditions, job satisfaction, mood states, and the working environments. Objective measurements were obtained to provide information on the various ergonomic components of the work station.
INTRODUCTION
The advent of the video display terminal (VDT) coupled with its computer network has altered the nature of work in the office environment. In 1979, according to International Data Corporation, 1.6 million VDTs were in use throughout the United States. By 1984, an escalation to 5.3 million is predicted (Sorenson & Swan, 1981) . VDTs have been demonstrated to save countless hours of time, paved the way for innumerable business applications, and increased overall productivity throughout industry (Bergman, 1980a) .At the same time, a myriad of job-related health problems has emerged, including various eyerelated symptoms and musculoskeletal complaints.
Earlier research focused on assessing radiation emitted from terminals. The concern, however, has since shifted toward worker complaints of visual strain, irritated eyes, headaches, dizziness, anxiety, and musculoskeletal symptoms (Bergman, 1980b) . The National Institute for Occupational Safety and Health, in response to concerns raised by workers and labor unions, conducted the first comprehensive evaluation of VDTs in the United States (Smith, Cohen, Stammerjohn, & Happ, 1981) . This study conducted by Smith and colleagues demonstrated that clerical VDT operators showed much higher levels of visual, musculoskeletal, and emotional health complaints, as well as higher stress levels, than either non-VDT clerical subjects or professional VDT users. Among the most preponderant problems discovered were eye strain, blurred vision, burning eyes, and color perception inadequacies. The job stressors having the greatest impact on the clerical operators included workload, workspace, lack of control over job activities, boredom, and concerns over career development. It was concluded that a number of interacting factors including job content, workload, and task requirements juxtaposed with environmental factors contributed to the observed levels of job stress and health complaints.
Other studies have documented a higher incidence of reported job stresses and health complaints among clerical VDT users (Brown, Dismukes, & Rinalducci, 1982; Dainoff, 1980; Gunarsson & Ostberg, 1977; Warning, 1981) . Whether these symptoms are related to VDT work itself or to other factors in the changing work environment is not yet well established. No previous studies appear to have addressed the issue of whether a relationship exists between total duration of exposure to VDTs (in terms of months or years) and the extent of symptoms. This pilot study was, therefore, undertaken in a setting free of obvious employee or labor union concern or unrest, and one in which VDTs were utilized as an adjunctive tool to facilitate, rather than control, job performance. Given these conditions, the objective of the study was to determine:
(1) whether there were differences in terms of health complaints and psychological symptoms between a group of VDT users not employed in repetitive, highly controlled and monotonous tasks and non-VDT users performing comparable tasks; and (2) whether or not prolonged and additive exposure to VDTs over time would result in increased reporting of symptoms.
METHODS

Subjects and Site Description:
A total of 46 nonunionized workers, 11 males and 35 females having mean age of 26 (range 21-40), from four departments of a large New England radiopharmaceutical company comprised the sample. The response rate for the entire group of eligible participants was 94%. VDT users were defined as those subjects who used VDTs for six or more hours per day, whereas non-VDT users were defined as those subjects who either never used VDTs or who used them only as reference tools sporadically and infrequently. The sample was made up of 30 VDT users and 16 non-VDT users. The VDT user group were employees of two customer service departments who used VDTs in an interactive fashion to determine shipping schedules, the status of orders, and the availability and prices of products. The non-VDT user group consisted of employees of the distribution and export departments. The job tasks, responsibilities, salaries, and ergonomic characteristics of the work environments of the exposed and nonexposed groups were comparable. All employees had complete control over the placement and positioning of equipment, job aids, and documents at their work stations. Additional subjects from a fifth department were originally to be included in the non-VDT user group to make the sample sizes comparable. However, they were excluded from the study because of marked variations in the extent of VDT usage within that department.
Procedure: Testing sessions were divided into two 20-minute sessions (at the beginning and end of the day) to minimize disruption of normal work activities. Subjects were approached on the mornings of the testing sessions, and were informed that the pilot study was designed to investigate the impact of new technology in the office environment and that voluntary participation would involve responding to questionnaires during two sessions. No other information was provided with the exception of an explanation of the procedures to protect confidentially of data and anonymity of individual employees. All data were gathered by means of self administered questionnaires. The questionnaires included demographic information on age, sex, marital status, educational level, height, and weight. A symptom check list which was developed for the study included 28 symptoms, many of which have been reported by VDT users in previous studies. The subjects were asked to report symptoms experienced during three different time frames. During the morning testing session, subjects were instructed to respond to the check list separately in terms of symptoms encountered during the previous weekend during the past six months. During the afternoon testing session, subjects were asked to respond to the check list in terms of any symptoms which had been encountered over the course of the day. This method was adopted in order to obtain information on symptoms experienced after a full day of work, during non-working days, and chronically.
Other components of the morning testing session included a baseline medical inventory, a work profile, and an abridged version of the original Job Description Inventory (JDI) (Smith, 1973) . The 32-item shortened version of the JDI had previously been subjected to factor analysis which documented the fact that it did measure the three major components of the longer inventory: job, work, and co-worker satisfaction. The medical inventory which was developed for the pilot study included questions about past medical history, current medical problems, sleeping patterns, alcohol and caffeine intake, smoking and dietary habits, and current medications. These data were obtained in order to detect medical problems which could potentially interfere with assessments of: (1) work performance (i.e., orthopedic conditions);
(2) symptoms on the check list (i.e., allergies); or (3) psychological states including anxiety (i.e., intake of caffeine or nicotine). The work environment profile was developed for the study based on guidelines developed by Cakir, Hart, and Stewart (1980) , and contained questions concerning personal perceptions of office air temperature, glare from lighting, noise levels, chair comfort, adequacy of lighted workspace, desk space, individual control over workspace arrangement, and total duration of years or months of VDT exposure.
The standardized, and widely utilized, Profile of Mood States (POMS) (McNair, Loor, & Droppleman, 1971 ) which measures six different mood states (Tension Anxiety; Depression-Rejection; Anger-Hostility; Vigor-Activity; Fatigue-Inertia; Confusion-Bewilderment) was administered during the afternoon session.
Objective data concerning the office environment were obtained throughout the day by measuring various ergonomic components of the individual's work station which were then recorded on a check list. These variables included VDT type, presence of glare, viewing distance, desk height, desk style, chair style, lighting, and layout work station.
RESULTS
There were no statistically significant differences between the VDT users and non-VDT users with respect to age, sex and race. However, there were statistically significant differences in marital status and educational background. A greater percentage of the VDT users were single and had higher levels of education, with most people having received college degrees. There were no differences between the two groups with respect to medical histories, sleeping patterns, alcohol intake, caffeine intake and dieting, except that a greater percentage of non-VDT users smoked in comparison to the VDT users.
Although physical inspection of the departments revealed slight differences in working environments, there were no statistically significant differences in the workers' perceptions of their environments. Despite the lack of statistical significance, a greater percentage of the VDT users reported being troubled by glare from lights or windows while performing job tasks in contrast to non-VDT users, even though 85% of the VDT users felt they could arrange their work station to suit their needs. The question about air temperature, chair comfort and height, workspace, leg room, noise, and equipment placement yielded strikingly similar responses by both groups. These variables were summed to obtain a total score signifying satisfaction with the overall office environment. The mean score for the VDT user group was 18.2 compared to the mean score of 18.0 for the non-VDT user group. Table I displays the score results of the JDI for the VDT and non-VDT users. There were no statistically significant differences between the two groups with regard to satisfaction with the work itself or the job in general. There was a statistically significant difference between the groups in terms of co-worker satisfaction, where the non-VDT users expressed less satisfaction with their coworkers than did the VDT users.
Comparisons between the VDT and non-VDT user groups with regard to mean scores on the Profile of Mood States demonstrated that VDT users actually experienced less tension, depression, and anger than did non-VDT users, but these differences did not approach statistical significance.
There were statistically significant differences between the two groups for two of the eye-related symptoms reported at the end of the workday as can be seen NOVEMBER 2002, VOL. 50, NO. 11 Table 2 . A greater percentage of the VDT users reported tired, aching eyes and being bothered by reflections from equipment at the end of the workday. Trouble focusing on objects 20 feet away showed a trend which approached statistical significance. Although not statistically significant, a greater percentage of VDT users also reported symptoms of blurred vision; eyes feeling like they pull, sting or bum; headaches; tired or aching neck; backaches; feeling unusually tired; feeling unusually restless or nervous; and tired or aching in the writing hand or wrist.
When the VDT users were categorized according to the types of VDTs used, no significant differences in symptoms at the end of the workday were noted. However, in such cases where glare had been observed to be present by physical inspection, 64% of the VDT users reported being bothered by reflections and 46% of the users complained of stinging eyes and an aching neck at the end of the workday. In addition, 50% of those bothered by glare complained of being unusually tired; 56% complained of stinging eyes; 62% stated that their eyes were tired and aching. Eighty-one percent of those bothered by glare also complained that they were bothered by reflections and an aching neck. Ten VDT users were noted to use glare shields. At 70% of the VDTs where shields were present, glare was not observed by inspection. Sixty percent of those who used shields reported that they were not bothered by glare. Futhermore, an even greater percentage of users with shields on their terminals reported that they were not bothered by reflections nor did they complain of aching eyes, headaches, stinging eyes, pulling in the eyes, blurred vision, or trouble focusing at the end of the workday. When comparisons in symptoms were made between VDT users who wore glasses and those who did not, no statistically significant differences were found, In addition, no differences were noted in symptoms at the end of the workday when VDT users were categorized according to viewing distances,
The pattern of symptoms in relation to duration of exposure to VDTs was next examined to test the hypothesis that the effects of VDT exposure are additive. Length of exposure ranged from one week to five years for the 30 VDT users, Table 3 portrays the symptoms encountered during the course of the day in relation to duration of exposure. For every symptom, except for eyes feeling like they pull, a larger proportion of individuals with the greatest length of exposure experienced symptoms. For most of the symptoms, a trend was observed whereby the proportion of individuals complaining of symptoms increased with increasing duration of exposure. There was a statistically significant difference in the symptom, bothered by glare; the symptoms, blurred vision and headache, exhibited a trend which approached statistical significance. Table 4 displays the symptoms which were reported to have been experienced during the prior six months.
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Longer duration of exposure resulted in statistically significant increases in the reporting of eye symptoms of both tired, aching eyes and eyes bothered by glare, and an increase in the reporting of blurred vision, although not statistically significant.
DISCUSSION
The number of persons in the exposed group in this pilot study was almost twice that of the nonexposed group. Initially, the study was designed to have equal numbers of employees in two groups. However, it was discovered that there was marked variation in the extent of VDT usage among employees in one other department which was initially to be included in the study. No other department existed within the company which comprised employees with comparable job responsibilities, salaries, and work environment. It was therefore decided that it was much more crucial to have job comparability than sample size comparability between the two groups.
It is somewhat difficult to make comparisons between the results derived from this pilot study and those which have been previously reported, since most previous studies have utilized populations having heterogeneous rather than homogenous job tasks. Furthermore, many VDT studies have focused on clerical VDT users. Clearly, this group of VDT users had freedom in the setting of their work pace and in the manner with which their tasks were carried out, in comparison to operators performing data entry or data acquisition job tasks. In spite of this difference, the findings in this study do corroborate to some extent those reported in previous studies whereby eye-related symptoms were associated with VDT usage.
Within the VDT user group itself, it was somewhat surprising to find that viewing distance appeared to have no impact on the reporting of symptoms in spite of the fact that 13 of these employees were observed to have viewing distances in the range deemed acceptable (45-70 cm.) by Cakir. All other VDT users had viewing distances which were greater than 70 ern.
Since glare has been associated with symptoms of eye fatigue and musculoskeletal problems (Stammerjohn, Smith, & Cohen, 1981) , glare from overhead lighting or sunlight through windows was evaluated in this study. A large percentage of the VDT users complained of being bothered by reflections, symptoms related to eye fatigue and an aching neck at terminals where glare had been observed. While glare shields were available upon request to all employees, only ten VDT users were observed to have them. At those terminals where glare shields were used, the reports of these symptoms were fewer. The use of glare shields did not totally eliminate glare caused by sunlight or overhead lighting and glare was present in spite of the fact that most VDT users felt that they could arrange their work stations to suit their needs.
The higher percentage of "neck" symptoms may have been more related to the neck positions assumed while speaking to customers on the telephone. Employees were observed to tilt their necks in order to rest the telephone between their necks and shoulders while handling customer inquiries and typing information into the VDT.
With regard to the Profile of Mood States, VDT users did not score higher on the anxiety, depression, fatigue, hostility, or confusion scales. While the differences were not statistically significant, VDT users actually experienced lower mean anxiety, depression, and hostility scores than did non-VDT users. Again, this may have reflected the overall satisfaction with the work environment and increased freedom over job tasks for the VDT group. The fact that these employees had fairly high levels of overall job satisfaction may also explain the findings of lower anxiety and depression scores.
This study examined variables such as sleeping habits, diet, and caffeine and alcohol intake since these variables could have affected the major psychological variables which were being investigated, such as anxiety. The VDT and non-VDT user groups were comparable with regard to these variables (e.g., caffeine intake) which may account for the lack of significant differences between the groups with regard to the psychological variables. Dainoff (1980) advanced the view that increased health-related symptom reporting would probably be more common in VDT users who had jobs which were repetitive and lower in status and sense of control over the tasks. It would also seem likely that persons having these types of jobs would also experience lower job satisfaction levels and a less satisfaction optimal psychological state. The employees in this study had some task variety, control over the tasks, and had jobs which involved interaction with others. It is not surprising, therefore, that in spite of their physical symptoms (e.g., eye related or musculoskeletal), the employees in this study were generally satisfied with their jobs.
CONCLUSIONS
In summary, VDT usage was associated with the reporting of eye-related symptoms among a group of VDT operators employed in interactive customer service positions where VDTs were used as adjunctive tools in an environment characterized by low levels of stress and high levels of satisfaction. Despite the comparability between groups with respect to medical conditions, perceptions of the work environment, work satisfaction, job satisfaction, and mood states, differences in symptoms were noted between the VDT and non-VDT users. Perhaps the most significant finding in the study is the trend identified with respect to duration of exposure. Symptoms increased with increased length of exposure to VDTs. One cannot determine an exposure effect relationship from this pilot study. However, the association identified in this investigation stresses the need for future studies with adequate sample sizes to evaluate not only intensity and type ofVDT exposure, but also duration of VDT exposure in terms of months or years, since the implications of increased symptomatology with increased duration of exposure raises important occupational health issues. NOVEMBER 2002, VOL. 50, NO. 11 Furthermore, the results of this study point out the importance of applying human factors and ergonomic principles in the workplace. Before considering the institution of mandatory policies for preplacement and periodic eye examinations in the workplace, recommended illumination levels and measures aimed at eliminating potential and existing glare sources should be followed (Human Factors, 1979) . Since glare is a major factor in effecting symptomalogy among VDT users, industries must be made aware of measures to control or eliminate this problem. This is an important factor to consider since illumination levels are frequently too high in work areas where VDTs are used. Windows without drapes or shades as well as diffuse overhead lighting are the major culprits in the glare phenomenon. Indirect lighting, lower levels of illumination, proper placement of VDTs and glare shields are among the effective control methods. Proper work station design, work-rest cycles and training of operators are other essential considerations in the prevention of symptoms associated with VDT usage.
